Background: The current study estimated (a) the indirect costs associated with non-fatal disability and premature mortality across a wide range of diseases and health conditions in Africa in 2015 and (b) the potential savings that could be accrued if countries were to meet the 3 health targets of the sustainable development goal (SDG) 3 compared to the costs under the status quo.
Introduction
In 2015, the global population was 7,378,217,000, and 2,660,154,720 disability-adjusted life-years (DALYs) were lost [1] . Of the total global DALY losses, 828,656,469 (31.2%) were due to communicable, maternal, perinatal and nutritional conditions; 1,539,788,740 (57.9%) were due to non-communicable diseases (NCDs); and 289,938,769 (10.9%) were due to intentional and unintentional injuries.
In 2015, the population of Africa was 1,185,234,000 people, i.e., 16 .1% of the global population. That same year, Africa lost 704,765,879 DALYs from all causes, i.e., 26.5% of the global DALY losses [1, 2] . Thus, although Africa is home to only 16.1% of the global population, it bears a disproportionate share of the global burden of disease.
In September 2015, the United Nations General Assembly generated 17 new Sustainable Development Goals (SDGs) and 169 targets to succeed the Millennium Development Goals (MDGs) and guide global development over the next 15 years to 2030 [3] . SDG 3 seeks to ensure healthy lives and promote well-being for people of all ages. It has 13 targets, five of which address ending the preventable deaths of new-borns and children; ending the AIDS, tuberculosis, malaria and neglected tropical disease epidemics and combating hepatitis, waterborne diseases and other communicable diseases; reducing premature mortality due to NCDs; reducing the number of deaths and injuries due to road traffic accidents; and reducing the maternal mortality ratio.
The overall financing gap associated with the implementation of the SDGs is estimated at 37.5 trillion United States Dollars (USD) by 2030 (2.5 trillion USD per year) [4] . It is further estimated that low income countries will be required to spend an addition 56 billion USD per annum to achieve the 'grand convergence' in health gains. It is becoming increasingly clear that a greater investment in health and increased efficiency are required for countries to achieve these goals.
Although attempts to estimate the resources needed to achieve the health-related MDGs are on-going, a comprehensive case for investment in health with regard to the broader economic effect of ill-health has yet to be made. It is generally understood that health is a pre-requisite for economic development [5] . Nevertheless, few studies in the Africa have attempted to quantify the likely impact of ill health on economic growth as estimated by the gross domestic product (GDP). These studies have estimated the productivity losses related to mental disorders [6] , natural disasters [7] , maternal deaths [8] [9] [10] , diabetes [11] , cholera [12] , malaria [13] [14] [15] , child mortality [16] , Ebola virus deaths [17] , tuberculosis deaths [18] and NCD deaths [19] in Africa. Given the broader scope of the health challenges faced by countries in this region, including the ever-increasing challenge of NCDs, injuries and the need for increased public investment in health, the economic effect of the burden of disease in all countries within continental Africa must also be determined.
This study sought to estimate (a) the indirect costs (i.e., productivity losses) associated with non-fatal disability and premature mortality from a wide range of diseases and health conditions in Africa in 2015 and (b) the potential savings that could be accrued if countries were to meet the 5 health targets of the SDG compared to cost under the status quo. Two reasons were identified to focus on the indirect cost of illness. First, this study aimed to capture the income loss associated with illness. Second, the data concerning the direct cost of illness (e.g., treatment and health system-maintenance expenses) are not as readily available as GDP data. The GDP losses estimated are indirect because illness induces them through its effects on labour-force participation and work effort.
Study design
The lost output or human capital approach (HCA) Petty [20] first applied the lost output approach, or HCA. Subsequently, Fein [21] , Mushkin and Collings [22] , Weisbrod [23] , and Landefeld and Seskin [24] made theoretical and practical improvements. We chose the HCA to apply a monetary value to the DALYs lost due to all causes included in the available data on DALYs, total health expenditure per capita and GDP per capita for all African countries (except Somalia). The GDP of a country is equal to its total production or total expenditure. The latter is composed of consumption expenditure, investment, government expenditure and net exports (exports minus imports). We hypothesized that DALY losses from all causes erode household and business enterprise income and therefore the capacity to consume (spend on goods and services), save for investment, pay the taxes and fees used for government spending, and produce goods and services for export.
Framework for estimating the indirect cost associated with the DALYs lost in 2015 due to all causes under Scenario 1: The status quo
The methodological details regarding the calculations of DALYs and the data sources were provided by the WHO [2] . The non-health GDP losses (NHGDPLoss) associated with the DALYs lost due to the j th disease (or health condition) in a country are the sum of the potential non-health GDP losses due to the DALYs lost due to the j th disease among those aged 0-4 (NHGDPLoss 0-4 ), 5-14 (NHGDPLoss [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The non-health GDP losses associated with the j th disease (or health condition) DALYs lost among people of a specific age group are the product of the per capita non-health GDP in purchasing power parity (PPP) and the total j th disease (or health condition) DALYs lost within a specific age group. Each i th country's discounted total non-health GDP losses attributable to the j th disease (or health condition) DALYs were estimated using equations (1) where NHGDPPC Int$ is the per capita non-health GDP in PPP, which was obtained by subtracting the per capita total health expenditure (PCTHE) from the per capita GDP (GDPPC Int$ ); DALY 0-4 is the total DALYs lost to the j th disease (or health condition) from age 0-4 years in country i in 2015; DALY [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] is the total DALYs lost to the j th disease (or health condition) from age 5-14 years in country i in 2015; DALY [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] is the total DALYs lost to the j th disease (or health condition) from age 15-29 years in country i in 2015; DALY [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] is the total DALYs lost to the j th disease (or health condition) from age 30-49 years in country i in 2015; DALY [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] is the total DALYs lost to the j th disease (or health condition) from age 50-59 years in country i in 2015; DALY 60-69 is the total DALYs lost to the j th disease (or health condition) from age 60-69 years in country i in 2015; and DALY =>70 is the total DALYs lost to the j th disease (or health condition) from age 70 years and above in country i in 2015. As already noted, the non-health GDP per capita in the purchasing power parity for each of the 53 countries (the economic data for Somalia are missing) is the difference between the per capita GDP and the per capita total health expenditure.
The year 2015 was used as the base year for all the calculations because it marked the end of the MDG era and served as the baseline for the SDGs. The DALY estimates published by the WHO in the Global Health Observatory were already discounted at a 3% rate. Therefore, any attempt to introduce a discount factor in equations (2) to (8) would be double discounting.
Framework for estimating the indirect costs associated with the DALYs lost due to all causes under Scenario 2: SDGs
This subsection explains how the following question was answered: Supposing that accelerated interventions in countries reduced morbidity and mortality to the 5 (health) targets of the 2030 SDGs, which indirect costs would be averted?
The SDG 3 seeks to ensure healthy lives and promote well-being for people of all ages. It has 13 targets. The analysis in this section is related to five of those targets: The WHO's End TB Strategy target is "By 2030, reduce number of TB deaths by 90% compared with 2015" [27] . Africa's 2030 non-health GDP losses due to DALYs lost to tuberculosis morbidity and mortality were estimated as follows: 
Data Sources
The data on the indicators contained in Table 1 were obtained solely from the WHO and IMF databases. Due to time and budgetary constraints, no primary data were collected. The indicators contained in Table 1 below were used to estimate the productivity losses under the two scenarios (i.e., business as usual or status quo and accelerated interventions to attain health SDG targets).
The The per capita total expenditure on health for 2015 was not available. Therefore, projections for 2015 were calculated using the 2013 and 2014 per capita total health expenditure data for each country from the WHO's Global Health Observatory [30] .
Sampling
Issues of sampling and sample size were not relevant for the current study because we analysed the DALYs and economic data for 53 African countries based on all of the causes of morbidity and mortality that exist within the WHO's Global Health Observatory. Of the 54 countries in Africa, only Somalia was omitted from the economic analyses due to a lack of per capita GDP and per capita total health expenditure data.
Country classification
The 54 countries in Africa were classified into four categories using the World Bank economic classification [32] (Table 2) . One of the countries had a high income economy, 9 had upper-middle income economies, 17 had lower-middle income economies and 27 had low income economies. The current study analysed three groups: Group 1, high and upper-middle income economies; Group 2, lowermiddle income economies; and Group 3, low income economies.
Analysis
The equations mentioned above were estimated using Excel Software developed by Microsoft, New York.
Results

DALYs lost
An estimated 704,765,879 DALYs were lost in Africa in 2015. Of these, 10%, 43% and 47% were associated with high/upper-middle income, lowermiddle income and low income countries, respectively (Table 3) .
Of the total DALYs lost, 416,671,978 (59.1%) were due to communicable, maternal, perinatal and nutritional conditions; 216,073,399 (30.7%) were due to NCDs; and 71,551,401 (10.2%) were due to injuries. Six countries (DRC, Egypt, Ethiopia, Nigeria, South Africa and Tanzania) accounted for 48.65% of the total DALY losses (Figure 1) . (Table 4) .
The indirect costs associated with DALYs lost varied widely, from a minimum of Int$ 242,375,111 in Sao Tome and Principe to a maximum of Int$ 879,059,495,828 in Nigeria. The indirect costs of the DALYs lost were less than Int$ 10 million in 18 countries; between Int$ 10-30 million in 17 countries; between Int$ 31-60 million in 6 countries; between Int$ 61-80 million in 4 countries; and over Int$ 80 million in 8 countries.
Of the total continental indirect costs, 36.9%, 10.5%, 13.7%, 16.9%, 7.6%, 6.8% and 7.5% were associated with people aged 0-4, 5-14, 15-29, 30-49, 50-59, 60-69 and 70 years or above, respectively (Figure 2) . Thus, people in the most productive age bracket (15 to 59 years) were responsible for 38.3% of all losses. (Table 6) .
Nutritional deficiencies caused DALY losses valued at Int$ 110,312,390,440 (i.e., 7.0%; Table 6 ). Approximately 98% of these losses were attributable to protein-energy malnutrition (PEM) and irondeficiency anaemia. 
Indirect cost of DALYs lost due to injury
The DALY losses attributable to injuries were valued at Int$ 290,040,286,090 (i.e., 9.7% of the continental losses). Unintentional injuries and intentional injuries comprised 77.8% and 22.2% of the productivity losses, respectively. Traffic accidents and drowning accounted for 44.3% of the economic losses due to unintentional injuries, whereas selfharm and interpersonal violence were responsible for 87.2% of the intentional injury productivity losses (Table 8) .
Indirect cost and productivity losses in 2015 according to the World Bank Economic data Table 9 shows the distribution of Africa's indirect costs based on the three economic groups of countries. Of the continental cost of Int$ 2,983,187,560,197, 25.17%, 57.84% and 16.99% were incurred by the economies of Groups 1, 2 and 3, respectively. The average cost per DALY of Group 1 (high and uppermiddle income) was two and seven times higher than those of Groups 2 (lower-middle income) and 3 (low income), respectively.
Indirect costs borne by Group 1 countries
The 70,201,549 DALYs lost within Group 1 countries (Table 9 ) resulted in an expected economic loss of Int$ 750,868,714,278 in 2015, which was equal to 42.31% of the group's total GDP. The estimated total value of human lives lost varied greatly, from Int$ 811,854,561 in Seychelles to Int$ 330,505,005,681 in South Africa. Figure 3 shows the distribution of Group 1's total value of DALYs lost across the high and upper-middle income countries. Approximately 67.5% of the loss was associated with Angola and South Africa.
Indirect costs borne by Group 2 countries
The 304,986,528 DALYs lost within Group 2 countries resulted in an expected total loss of Int$ 1,725,552,531,619, or 51.38% of the group's total GDP in 2015. The loss varied from Int$ 242,375,111 in Sao Tome and Principe to Int$ 879,059,495,828 in Nigeria. Figure 4 shows the distribution of Group 2's total economic losses across the 17 lower-middle income countries. Approximately 50.9% of Group 2's expected loss was borne by Nigeria, while approximately 80% of Group 2's expected loss was borne by Egypt, Morocco, Nigeria and Sudan.
Indirect costs borne by Group 3 countries
The estimated 506,766,314,299 DALYs within Group 3 led to a total expected loss of Int$ 506,766,314,299 in 2015, which is equivalent to 56.1% of the group's total GDP. The expected loss ranged from a minimum of Int$ 554,802,983 in Comoros to a maximum of Int$ 88,425,883,890 in Ethiopia, which was responsible for 17.4% of the group's loss. The distribution of Group 3's total indirect costs associated with the DALYs lost across the 27 low income countries is depicted in Figure  5 . Together, DRC, Ethiopia, Tanzania and Uganda accounted for 49.4% of the expected losses of this group. 
Discussion
The results of this project demonstrate that all diseases and health conditions in Africa are responsible for substantial losses in both health (as proxied by DALYs) and current and future economic productivity (as measured by Int$). The average costs per DALY associated with Group 1 (i.e., high and upper- (Table 10 ). These savings can be realized if the global strategies for women's, children's and adolescent health (2016-2030) [33] ; the recommendations of the Commission on Women's Health in the African Region [34] ; and the regional strategic plan for immunization (among others) are fully implemented in the relevant countries. In addition to economic gains, Africa would be able to assure the world that "...every woman, child and adolescent in every setting realizes her or his right to physical and mental health and well-being, enjoys social and economic opportunities and is able to participate fully in shaping prosperous and sustainable societies" [33] . Such an endeavour ought to be buttressed by the creation of sustained enabling health systems, socioeconomic determinant environments, highlevel commitment and adequate financing [35] . The savings implied in Table 11 can be realized if all African countries fully achieve the SDG Target 3.3 of ending the AIDS, tuberculosis, malaria and neglected tropical disease epidemics by 2030. Achievement of this target is feasible if these countries accelerate and intensify the implementation of the cost-effective interventions contained within the various relevant global and regional strategies and plans adopted by the World Health Assembly and Regional Committees. Such strategies include
SDG Target 3.3: AIDS, tuberculosis, malaria and neglected tropical diseases
The global health sector strategies on HIV, viral hepatitis and sexually transmitted infections, which were endorsed in May 2016 by the Sixty-ninth World Health Assembly Resolution WHA69.22 [36] [37] [38] .
The End TB Strategy, which was adopted in 2014 by the Sixty-seventh World Health Assembly Resolution WHA67.1 [27] .
The Global Technical Strategy for Malaria 2016-2030, which was endorsed in May 2015 by the Sixty-eighth World Health Assembly resolution WHA68.2 [26] .
Additional strategies include the global plan to combat neglected tropical diseases 2008-2015 [39] and its roadmap for accelerated implementation [40] ; the Sixty-sixth World Health Assembly guidance on NTDs adopted in resolution WHA66.12 [41] ; and the global vector control response 2017-2030 [42] . A regional strategy and a strategic plan on NTDs exists at the regional level [43, 44] .
SDG Target 3.4: NCDs
This study estimated that Africa lost DALYs worth Int$ 1,107,489,132,375 in 2015. SDG Target 3.4 seeks to reduce the burden of NCDs by one third, which would translate into an annual savings of Int$ 369,163,044,125. These savings are achievable through the expanded effective coverage of the cost-effective interventions contained in various NCD-related global strategies and plans adopted in the past.
Examples of such strategies and plans include the Global Strategy for the Prevention and Control of Non-communicable Diseases, which was endorsed in 2000 by the 53rd World Health Assembly resolution, WHA 53.14 [45] ; the Global Action Plan for the Prevention and Control of Non-communicable Diseases, which was endorsed in May 2013 by the 66th World Health Assembly resolution, WHA66.10 [46] ; the global strategy on diet, physical activity and health [47] ; the global 2004 oral health action plan [48] ; tobacco control [49] ; the mental health action plan [50] ; health promotion strategy [51] ; and the regional determinants of health strategy [52] . The UN General Assembly political resolution A/ RES/64/265 on the prevention and control of NCDs supports these strategies [53] .
Target 3.6: Traffic Injuries
The traffic injuries sustained in Africa in 2015 led to loss of DALYs worth Int$ 73,739,590,850. We estimate that this economic loss can be reduced by Int$ 36,869,795,425 each year until 2030 if SDG Target 3.4 is fully achieved.
These savings are achievable through the costeffective policy interventions outlined in the Global Plan for the Decade of Action for Road Safety 2011-2020 [54, 55, 56] . These resolutions are supported by the UN General Assembly resolution [57] and the Brasilia political declaration [58] .
Study Limitations
There are a number of limitations inherent in analyses such as this. First, the study focused only on the productivity losses associated with morbidity and premature mortality; it did not include direct costs including health systems or household resources spent on prevention, diagnosis and treatment of various diseases. Thus, our estimates likely underestimated the total costs of illnesses due to the various diseases that afflict people in Africa.
Second, the GDP per capita did not indicate how available national output or income are distributed across individuals or households. This limitation is true of averages in general (and likely other measures of central tendency).
Third, the GDP calculus only captured the economic activities associated with market transactions and omitted the value of full-time homemakers (i.e., domestic labour), a majority of whom are women. To reduce the effect of this omission on the estimated productivity losses, the mortality and morbidity for men and women were both valued at the prevailing GDP per capita. In addition, the disability and death of those aged below 14 years represents the intra-and inter-generational depletion or attrition of the future labour force. Thus, these losses were also valued at the 2015 GDP per capita.
Fourth, morbidity and mortality cause psychological pain, stress and anxiety among family members, and these effects are not captured in GDP calculations. In addition, evidence shows that the disability and mortality of a parent or a breadwinner often negatively affects the nutrition and education of children. Psychologic losses can only be captured using a willingness-to-pay (contingent valuation) approach, which was beyond the scope of the current project.
Fifth, cost-of-illness or human capital methods estimate the value of human lives lost due to specific diseases (illness) and do not provide estimates of the costs or consequences of alternative interventions for those diseases. Therefore, estimates from these approaches should be used exclusively to raise awareness among policymakers, developmental partners and the public with regard to the economic magnitude of disease and health conditions for advocacy. The estimates should never be used as a guide for decision making.
Finally, the DALY and mortality statistics of various African countries were estimated using several methods because the registration of births and deaths and the national health information systems of many countries remain weak. However, it is important to note that they are the only current sources of internationally comparable data.
Conclusions
This study estimated the total indirect costs associated with illness due to all causes by age group and country economic classification of the annual indirect costs are substantial. Most of the total indirect cost (56.61%) was attributable to maternal conditions, AIDS, TB, malaria, NTDs, NCDs and traffic injuries. Approximately 47% (Int$ 796,144,038,564) of that cost can be avoided (or saved) every year if the SDG targets related to those health conditions are fully achieved.
The health SDG targets will be fully achieved if and only if countries invest adequately in the development of resilient national and local health systems to effectively, affordably and efficiently deliver integrated packages of proven cost-effective interventions contained within the relevant programmatic global strategies and plans that target populations in need [59, 60, 61, 62, 64] .
Because "health is wealth", full achievement of the SDG health targets will lift the poor out of poverty, reduce inequity, mitigate exclusion, enhance economic productivity, and enable different population group to flourish [65, 66] .
The findings contained in this report suggest that health system strengthening should focus on both rich and poor countries, people of all ages, and specific disease categories. The rationale for this policy stance is outlined below.
Low income countries. Because DALYs are highest in these countries, the health of the African population cannot be improved substantially without reducing disease prevalence and premature deaths in low income countries.
Middle and upper income countries. Because economic productivities are highest in these countries, the economic losses associated with ill-health and premature deaths are also high. Thus, the returns on investment that reduce DALYs are highest in high income countries.
Age group. For health equity reasons, healthimproving interventions should be implemented for all age groups in proportion to the group shares of total DALYs. Specific diseases. Maternal, perinatal and nutritional conditions are associated with approximately 50% of the DALYs in Africa. Thus, the health SDGs cannot be achieved without investing heavily in interventions that target these conditions.
Finally, given the externalities associated with some health conditions, such as Ebola, effective control of diseases in Africa is not possible without collaboration across regional economic communities, national governments and continental institutions, such as the African Development Bank and the African Union. Partnerships across different funders of national health systems are also needed for success in the fight against morbidity and premature mortality in Africa. Africa's large share of the global DALYs is arguably responsible for the widespread poverty on this continent. This article is available at: www.intarchmed.com and www.medbrary.com
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